
I;y John 1:. 2c-p.toZ ? k x u - y  ?ra 8 

V 

fips 
2JI,, 

P r o j e c t  Mercury, t h e  f r e e  wor ld ' s  f irst  mnned s p x e  program, w a s  

conceived i n  1358 by a sml l  group of dedicated s c i e n t i s t s .  The i n i t i a l  

x q c e s t e d  t o  p a r t i c i p a t e .  The response was overwhelming, wi th  most of 

program o b j e c t i v e  was t o  ver i fy  t h a t  r a n  can e x i s t  and func t ion  i n  space 

s i g n  of t h e  Mercury spacec ra f t ,  t h e  uorldwide-network concept ern5rLcei - 
goti1 o f  extremely h igh  r e l i ab i l i t y ,  wi th  redundancy and t h e  use of provcc 

e c p i p m n t  where p r a c t i c a l  e s t ab l i shed  2 s  g r o m d  rules. 

metry system w a s  developed to t r a n s x i t  deta p e r t i n e n t  t o  t h e  ope ra t ion  of 

A spacebome te le -  

by p lac ing  an a s t r o n a u t  i n t o  o r b i t  and r e t u r n i n g  him safely t o  e a r t h .  A t  

t h e  o u t s e t ,  it w a s  recognized t h a t ,  i n  o rdz r  to rea l ize  msximm mission 

safety, a worldwide network of te leme-try znd t r a c k i n g  s t a t i o n s  would be 

r equ i r ed  t o  provide f o r  e f f e c t i v e  f l i g h t  c o n t r o l  and monitoricg.  Soon 

most e f f e c t i v e l y  si >equent Nercury missions and a d v z c e d  p ro  jests. 
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SY ST E.?S DES c"n I F T I O N  

me system complex -d i i ch  i s  used t o  provide informmtion r e l a t i n g  

t o  t h e  many i c s t r m e n t e d  P l igh t  parameters c o m i s t s  p r imar i ly  o f  t h e  

spaceborne in s t rumen ta t ion  and communication systems, t h e  worldwide 

t e l eme t ry  and t r a c k i n g  network, an6 t h e  Mercury Control  Center.  

Because t h e  a s t r o n a u t ' s  v t x b a l  accounts dur ing  t h e  f l i g h t  f a c i l i t a t e  

t h e  f l i g h t  monitor ing t a s k ,  t h e  onboard vo ice  communication systems 

1 S -pa ceb orne Sys tern 

The s p a c e c r a f t  i n s t  xmen ta t ion  system rroni tors  ovp? 100 para-  

meters throughout t h e  s p a c e c r a f t ,  imlud i r ig  c r i t i c a l  phys io log ica l  

f u n c t i o n s  of  t h e  a s t r o n a u t  and c e r t a i n  a s p e c t s  regard ing  t h e  oper-  

a t l o n  os" t h e  va r ious  s p a c e c r a f t  systems. S p e c i f i c a l l y ,  t h e  i n s t r u -  

mented items a r e  t h e  occurrence of va r ious  mission events  which a r e  

i n i t i a t e d  au tomat i ca l ly  by t h e  sequen t i a l  system, t h e  outputs  of t h e  

a t t i t u d e  and r a t e  gyros anc  the horizon scaliners,  c o n t r o l  s t i c k  po- 

s i t i o n ,  b a t t e r y  vo l t ages ,  cab in  and suit  t e r rpe ra twes  aad p res su res ,  

a c c e l e r a t i o n s  imparted T O  t h e  s p a c e c r a f t ,  c lock  o u t p u t s ,  r e c e i v e r  

s ignal  s t r e n g t h s ,  znd t h e  vario,is a s t r o n a u t  phys io log ica l  parame-cers 

such as  temperature ,  blood pressure ,  e l e c t r o c a r d i o g x m  output ,  a d  

2 , 

r e s p i r a t i o n  r a t e .  The m a j o r i t y  of t h e s e  d a t a  has been cormutated 

through two reeundant  comnutators,  each havir,g 90 see:.;r?ts, but 

a p o r t i o n  of t h e  dbta  i s  :31so trefismitTed wi thout  i n t e r r u p t i o n  on 
.I 
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s e l e c t e d  s u b c a r r i e r  f reqdencies .  

inc lude  tlic x e d i c a l  da t a  snd c o n t r o l  s y s t e x  i r fo rma t ion  v h l c h  have f r e -  

quencies of occurrecce or ckange t h a t  a r e  o f t e n  g r e a t e r  than the  commu- 

t a t o r  sampling r a t e .  

continuous d a t a  a r e  processed through o s c i l l a t o r s  and mixers t o  form 

t he  compound 3 4  s i g n a l ,  which i s  t r a x i m i t t e d  t o  ground s t a t i o n s .  It 

should be noted t h a t  t h e  m t p u t s  of both commutators and one of  t h e  

s i g n a l  mixers were recor2ed sepa ra t e ly  on t h r e e  channels of a 

seven-track t ape  r eco rde r .  

t h e  f l i g h t  a r e  recorded o,i an a d d i t i o n a l  t r a c k  of t h e  r eco rde r .  

instrumented parameters which have a tendency t o  d r i f t  a r e  c a l i b r a t e d  

p e r i o d i c a l l y  dur ing  the  f.Light t o  mslntain The da ta  accuracy. 

The noncormacated q c a n t i t i e s  p r imar i ly  

As shown i n  f i g w e  1, bc-ch the  corxuta ted  and 

Tne voice communications conducted dur ing  

C e r t a i n  

The s p a c e c r a f t  c o r m x i c a t i o n  sys:ems c o n s i s t  o f  t h e  vo ice  

t r a n s m i t t e r - r e c e i v e r s  , t h e  r ada r  'ceacors , t h e  t e l e n e t r y  t r a n s m i t t e r s ,  

t h e  command r e c e i v e r s ,  and t h e  recovery beacons. 

€IF t r a n s c e i v e r s  make up tile voice system. 

t r a n s c e i v e r s  i s  used duriiig t h e  recove-ry opera;ion only.  

beacons a r e  a 400-watt C-band t ranspocder  and a 1,000-watt S-band 

t ransponder .  

f l i g h t ,  t h e r e  were two n e m l y  i d e n t i c a l  u n i t s ,  a r e  of t h e  UHF-FIvl t ype ,  

ope ra t e  a t  a power output  of 2 wat-cs, an6 have iraiiszltted at fre- 

quencies  of  226.2 me and 2'59.7 me. 

systems have proved t o  be very r e l i a b l e  du r ing  the  two uxrarined o r b i t a l  

and t h e  f i rs t  t h r e e  nanned o r ' a i t a l  f l i g h c s ,  o x  of  t hese  u n i t s  was 

R e d m d m t  UHF and 

Eowever, one of t h e  €IF' 

The r a d a r  

The te1emeti.y t r a n s l q i t t e r s ,  o f  w;iich, u n t i l  t h e  l a s t  

Since the  TWO redundant te lemet r j .  

I 
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d e l e t e d  f o r  t h e  f o u r t h  f l l g h t  of t'nat ser ies .  The comand r e c e i v e r s  

and decoders a r e  used t o  process  comacd signals wkich are s e n t ,  i f  

r equ i r ed  , from g r o ~ x i i  sta-:ions t o  i r i t i a t e  rca j o r  f l l g h t  even t s .  The 

recovery beacons are  used ,  of course,  t o  f a c i l i t a t e  t h e  l o c a t i o n  and 

r e t r i e v a l  of  t h e  spacecraf ' t  a f t e r  landing.  

3 
G r  ound-Ba sed Sys t en 

The data a c q u i s i t i o n  and processing s y s t e n  loca ted  on t h e  ground 

can be thou@% of as camp-islag t h e  Ne1-cu-j Col:tral Center in Florida,  

t h e  Computing and Comunic:ations Center i n  Yaryland, an6 e igh teen  range 

s t a t i o n s  located throughout t h e  world a long  t h e  o r b i t a l  ground t r a c k .  

O f  t h e s e  range s t a t i o n s ,  shown i n  f i g u r e  2, a l l  con ta in  te lemet ry-  

r e c e p t i o n  and deconmutation equipxent , a r e  capable  o f  conducting vo ice  

communications wi th  t h e  s : iacecraf t ,  and are  o u t f i t t e d  w i t h  a n  acqui -  

s i t i o n  a i d  u n i t .  About ha l f  of t he  s t a t i o n s  t r a c k s  the  s p a c e e r a 3  wi th  

C-band r a d a r  (FPS-16), 6ad t h e  remaining h a l f  employs S-band r a d a r  

( V e r l o r t ) .  Approximately %alf of ziie t o t a l  nuinber of range s t a t i o n s  

possesses  a coxrfiafid capab::lity. Although a l l  :range s t a t i o m  used i n  

P r o j e c t  Mercury are shown i n  f igure '2 ,  some of  t hese  s i tes ,  d e p e n d i q  

OR x i s s i o n  requirements  ~ !lave not  beer, a c t i v a t e d  f o r  c e r t a i n  f l i g h t s .  

Each r a d a r  unit t r a c k s  it:; respcc t ive  beacon i n  t h e  s p a c e c r a f t  as  it 

p s s e s  river ir,he s t a t i o n ,  md  th:s observa t ion  .?eriod l a s t s  f o r  up t o  

abou t  6 minutes .  During t h e s e  s-i '~ ' i ion passes, i;he f l k h t  conkro l leys  

a t  each s i t e  r e c e i v e  and r ioni tor  the telemetry data  and conduct vo ice  

I -3 
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cornu-qications w i t h  t h e  a s t ronau t ,  who r e p o r t s  on h i s  phys i ca l  s t a t u s  

and r e l a y s  i n s t r m e n t  pan21 reaii insz fo: corny;?rison w l t h  c e r t a i n  t e l e -  

metered ini’olmation. ?.:as t of t ke  cetwork s t a t i o n s  are  liriked t o g e t h e r  

e i t h e r  by a l and  l i f ie  or 

can only  be connected con-ienientiy through a r a d i o  l l n k .  

d u r i n g  some miss ions ,  s p e c i a l l y  equipped s h i p s  ( see  f i g .  2 )  were deployed 

which could only be l i n k e d  t o  t h e  retwork by r s d i o .  

v 

submerine cab le ,  a l though a f e w  remote si tes 

For example, 

The Computing and Cot,m.unications Center  i s  t h e  f o c a l  p o i n t  f o r  n e a r l y  

a l l  t e l eme t ry  d a t a ,  r a d i o  t ransmiss ions ,  and r s d a r  information.  

t h e  f l i g h t  commmications a r e  patched, a m p l i f k d ,  and r e l ayed  t o  t h e  

Here 

Mercury Control  Center  ani! t h e  s t a t i o n s  throughout t h e  range.  

r a d a r  in format ion  acqui red  durir,g the  o r b i t a l  phase i s  processed 

through a redundant p a i r  of  high-speed coaputers  f o r  o r b i t a l - t r a  jeckory 

and re t rograde- t ime de ter ! i ina t ion  and updat ing.  The telernezry data a r e  

reduced and s e n t  t o  t h e  Kercury Control Center ,  where a p o r t i o n  of t h e s e  

The 

d a t a  i s  d i sp layed  on l a r g e  plotLoards and TV screens  t o  provIde a n  

up-to-date  h i s t o r y  of c r i1 ; ica l  f l i g h t  parameters.  

a major t o o l  used i n  t h e  i’eal-t ixe monitor ing -3y t h e  Operat ions and 

These a i s p l a y s  a re  

F l i g h t  D i r e c t o r s  and the  primary f l i g h t  c o n t r o l  team. S i g n i f i c a n t  

f l i g h t  parameters  which ai-e te lemetcred d a r i n g  a s t a t i o n  pass are  

d i sp layed  as  d i r e c t  percerltage readouts  a t  mos o f  tk network s i t e s .  

Probably t h e  most dramatic: d l sp l ay  a t  t h e  P1erc-n-y Control Zen Lei- 1s 

the  wal l - s ize  world map showing the  o r b i t a l  ground t r e c k  and a l l  of 

t h e  network s t a t i o n s .  On t h i s  dynanic d i s p l a y ,  which I s  q u i t e  sirnilar 
I 



t o  f i g u r e  2, t k e  coverage c i r c l e s  of t h e  range s t a t i o n s ,  a x i n i a t u r e  

24ercc:I.j s p s c e c r h f t ,  and a small c i r c l e  fndlcat i n g  t h e  landin; p o i n t  

a r e  i l l m i n z  Led. %ne coverage c i r c l e s  f l a s h  i s  the sl-acecrsi't passes 

over t h e  r e s p e c t i v e  s ta- , iol is ,  arid the s p a c e c r a f t  and i acdhg-po inT  

c i r c l e  move a long  the  Grcmd t r a c e  t o  i n d i c a t e  in s t an taneous ly  t h e  

p o i n t  on t h e  e a r t h ' s  su r f ace  above which t h e  s p a c e c r a f t  i s  pass ing  and 

where it would l and  i f  r e t r o f k - e  were cormanded. 

A l l  t e l eme t ry  and Zecotmutation equipment I s  designed t o  provice 

hlgh-speed opera t ions  an6 d a t a  readout  i n  o rde r  t o  pe-mi t  r a p l d  response 

t o  c r i t i c a l  f l i g h t  s i t u a t i o n s  End poss ib l e  m i s s i m  abort cond i t ions .  

F u l l  d a t a  s to rage  capability i s  provided a t  t h e  Cotxputing Center ,  and 

w i t h  t h i s  equipment, a i l  s i g n i f i c a n t  mission event  t imes a r e  computed 

and r e l ayed  t o  appropr i a t e  network s t a t i o n s .  An example o f  t h i s  fulrct ion 

i s  t h e  computation of the. re t rogrt ide t ime,  whr-ch i s  clerived from t h e  

computed o r b i t a l  t r a j e c t c r y  and the  planr,ed Itinding po in t  coord ina te s .  

One of  t h e  most c r i t i c a l  phases for t h e  Computing Center and t h e  Mercury 

Cont ro l  Center  i s  dur ing  t h e  per iod of  powered f l i g ' c t .  

t h e  launch  t r a j e c t o r y  anc, t h e  opera t ion  of spacec ra f t  and launch v e h i c l e  

systems m e  monitored corit icuously.  Should t h e  l a m c h  v e h i c l e  develop 

a c r i t i c a l  f a i l u r e ,  an  a i i t o m t i c  s e c s l n g  systcn? i m * e & i a t e l y  s h u t s  down 

J-L- bli= 

based on a conparison of high-speed co rqu ta t ions  wit ' r ,  a p re sc r ibed  en- 

ve lope ,  a re  ev iden t  a t  o r b i t a l  i n s e r t i o n ,  such t h a t  s a f e  o r b i t  cannot  

I n  t h i s  phbsz, 

p r q x l s i  or! system ana. a b o r t s  t h e  f l i g h t .  If unacceptable  c o ~ d i t i o z s  , 

be a t t a i n e d ,  t h e  mission aga in  must be  t e rmi rx ted  e a r l y .  Tfiese 
L. 
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i n s e r t i o n  condit5oi-x a r e  dis21ayeC G ~ I  a plot 'scard i- t'ne I*::xwy Coy1:rol 

ci; contciins t k e  >z.;,--acet-ric l -?ser t ior ;  e w e l o p  axd s : io~ld  'i;?e 

. _ / .  I srscec---Y 4. .... telc:r.zt-r?j F - 7 , -  ., 4- Lt4,g 3, i . . - , . ~ c : a ~ c  C Y C  G:X',- . .e systein x o i f t n c t i o n  

or a n  abnoma1 pkys lo iog ica l  response ~y u l e  z s t r o n a u t ,  a rsysid and 

j u s t i f i a b l e  d e c i s i o n  r n c s t  be mad? snd itnplenner.ted t o  a b o r t  t h e  miss ion .  

I n  each of  t h e s e  i n s t a n c e s ,  t h e  abor t  t r a j e c t o r y  must be r a p l d l y  

computed t o  make poss ib l e  a quick recovery of t h e  sFacec ra f t  and a s t r o -  

nau t .  Once t h e  o r b i t a l  i n s e r t i o n  parameters E r e  known md are  used t o  

make t h e  i n i t i a l  o r b i t a l  t r a j e c t o r y  c a l c u l a t i o n s ,  t h e  f a c t  t h a t  t hey  

are w i t h i n  acceptab le  l irits must be r a p i d l y  v e r i f i e d  through compu- 

t a t i o n s  based upon subsequent t r a c k i n g  d a t a .  i n  s m a r y ,  t h e  Mercury 

network, t h e  Computing Center ,  ar,d t h e  flight monitors l o c a t e d  i n  t h e  

Mercury Cont ro l  Center a r e  capable  of r e c e i v i n g  and process ing  r a p i d l y  

a l l  t e l e x e t e r e d  f l i g h t  d a t a ,  voice cormunicat jocs ,  and t r a c k i n g  i n -  

format ion  f o r  real-time c o n t r o l  of a l l  r&ssion even t s .  

- , ?  

Dzta Eeduction 

After t h e  f l i g h t  has been Terminated, t h e  d e t a l l e 6  postr.:iss ;si; 

a n a l y s i s  of t h e  f l i g h t  d a t a  corxiences. Tie eEsence of t hese  data i s  

derived from t h e  onboard t ape  record and  t h e  record ings  of t e i e a e t r y  
4 

d a t a  t aken  du r ing  t h e  f l i g h t  a t  the va r ious  ground s t a t i o n s .  A team 

of s p e c i a l i s t s  i s  assembled a t  tke l a m c h  s i t e  i n  F l o r i d a  t o  conduct 

the a n a l y s i s  of  the reduced dslta. I- a r e a s  of p z r t i c u l a r  i n t e r e s t  or 
L 



urgency, a p r e l i m i n a y  a n a l y s i s  rjf any missio-n anomaly i s  made us ing  

r eco rds  of  t h e  rea l - t ime te1ezetr-y i z f o n x t i o n .  Sho-.Ad t h e  oxboard 

t ape  r e c o r a e r  f a i l  or t h e  t s p e  record be l o s t  o r  damged,  t h e  recorded 

J-- 7 . - l - -  -. J.,- . .  ,-c, ~ , , -  r . J ; - , i  _,._ u,Ls .-..T?-%J v*I-" s~;;-cE, of pa--.'--r----* L &..Le d 2. s f l i g h t  

in format ion  f o r  a n a l y t i c a l  pur?icses. 

excep t iona l ly  high f c r  most Xercury missions.  

i s  c a r r i e d  from t h e  l a n d i r g  a rea  t o  t h e  evaluat, ion s i te  by a s p e c i a l  

c o u r i e r ,  and a master  copy of  t h i s  tape i s  made and v e r i f i e d  i n n e d i a t e l y .  

Fi-GITi -thi€l TfiBbteT, a nmbek? Of' Copies is made for various Uses. 

copy i s  t r s n s p o r t e d  r a p i d l y  t o  a cont rac ted  agency t o  be reduced f ror -  

Tin? q u a l l t y  of t h e s e  d a t a  has  Seen 

The onboard t ape  r eco rd  

one 

ana log  t o  d i g i t a l  da t a  through t h e  use of computers am3 s p e c i a l  equip-  

ment, and from t h e s e  d i g i t a l  d a t a ,  system p r a n , e t e r s  aKd a s t r o n a u t  

phys io log ica l  respoxises a r e  coxputed, t a b u l a t e t ,  and p l o t t e d  by machine 

a g a i n s t  f l i g h t  e lapsed  x i r e .  'This process  , involv ing  approximately 

t h r e e  m i l l i o n  da ta  po in t s ,  hes been completed i n  a s  l i t t l e  a s  t h r e e  deys 

I f o r  a )+--hour o r b i t a l  f l i g h t .  
2 

During t h e  fo-mal re t iuc t icn  per iod ,  anot l -er  copy of t h e  recorded 

d a t a  i s  e l e c t r i c a l l y  processed and used t o  proc'uce osc i l l og raph  r eco rds .  

Tnese r eco rds  r ep resen t  comgletely t h e  rzw da ta  obtained dur ing  t h e  

f l i g h t  and, t h e r e f o r e ,  a txinimun nm'ozr of process ing  e r r o r s .  This  

form of semi-reduced, b u t  r a p i d l y  a v a l i a b l e ,  d a t a  i s  u t i l i z e d  p r i n a r i i y  

for e x t r a c t i n g  s p e c i f i c  da tu  poii;lts or c l o s e l y  examining da ta  c h a r a c t e r -  

i s t i c s  f o r  a s e l e c t e d  per iod  of' zhe f l l g h t ,  s i r c e  these  lengthy  r eco rds  

of d i r e c t  v o l t a g e  readouts  rnust be scanned and c a l i b r a t e d  e s s e n t i a l i y  
I 
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by hand. 

proper ticilrection f o r  the a n a l y s i s  at an  e a r l y  t ime ,  a Sasic requirerrient 

for exped i t iocs  r e p o r t i n g  of t 5 e  f l i g h t  r e s u l t s  2nd ecslyses. 

??%cy zre, however, i m p x t a n t  i n  t h a t  t hey  o f t e n  provide t h e  

I n  a d d l t i o n  t o  f l i g h t  i n f o m s t i o n  y i e lded  by t h e  telemetry system, 

t h e  f l igh-”  eva lua t ion  t e a n  uses  many o t h e r  sources  of system and ast-ro- 

nau t  performance d a t a .  

i s  t r a n s c r i b e d  and t i m e  c-n-;rcl_ai,cd, because it may be t h e  only source of  

a rcpartcd o L C t i * V 3 t I c ~ n  an I ti:<: iiiily rccans of vc;lii’yii?z tk;c Gccurrence 

and approximate t i m e  of a T l i z h L  event .  

self -deb r i e f ing  i rmdiz ize  IJ follOWing recovery  and p a r t i c i p a t e s  i n  

formal  d e b r i e f i n g s  which 2i.e docmented  and used t o  co;r.?lement and 

suppor t  t h e  p o s t f l i g h t  ami lys i s .  

many detai led systerns t e s t s  which a re  conducted a f t e r  t h e  miss ion  by 

us ing  t h e  ac;cal fli,,;t hwdwhre t o  i s o l a t e  any s p e c i f l c  problem areas 

which m4ght have been ev iden t  SLuring t h e  o r b i t a l  phase or d i s c l o s e d  

du r ing  t h e  data s n a l y s i s  se r iod .  

The r eco rd  of t h e  air -ground vo ice  communications 

Tae a s t r o n a u t  coxducts a 

O f  g r e a t  importance, however, a re  t h e  

Ail o f  the raw f l i g h ;  d a t a  Ere re ferenced  t o  spacecralL elarjsed 

G t e r  the d a t a  i n  t h i s  t i m e  du r ing  the i n i t i a l  rt:dhction o2era t ion .  

form a r e  hand-carr ied t o  -;he e v a l m t i o n  s ize  b . y  a s p c i a l  C D L : ; ” ~ ~ T ,  tkey 

n;ust be c o r r e l a t e d  with g x m d  elzpsed t i y c e .  

p rocess  p r i x a r i l y  involve:; a correc-cion fa p u 2 s l b l e  c-:-zz-s ::l.lch m y  

have existed i n  t‘ne spacec ra f t  c l o c k .  

rreans of c h r o n o l o a  which is  c o m m  t o  ell net‘lrork operations and begins  

a t  t h e  p r e c i s e l y  measured t ixe  o;? lamch-vehic’Le l i i t - o f f .  . 

‘me zirne - c o r r e l a t i o n  

Grocnd elapsed! tir:e i s  t h e  



O;;ce tT-.e t-'D.,'i L-LJ;2c 9 5 22 ,lo<;ted -c:-- 2uL U., .e4~ric  m d s t a  e-r:-::ve ai; t h e  - 

evalcs t io l?  s l k ,  t h e  ;"ull-;cale ar,zljrsis I s  3eg':ii. 

o f  the da ta  handl ing,  p r e L h i n z q r  s n a l y s i s  , a r d  i n i t i a l  r e p o r t i n g  

ope ra t ion  i s  shown i n  3igui-e 3 for a three-pess o r b i t a l  miss ion  

(q .v . ,  refs. 1 and 3 ) .  The  l e n g t h  o f  t k l s  t o t a l  r e p o r t i n g  pe r iod  i s  

n e c e s s a r i l y  kept  a t  a z iniwan i u ?  order  t k z t  per t inef i t  f l i g h t  r e s d t s  

and f i n d i n g s  may be ap2lizs-d t o  :;u5seq?Lect missions. 

d a t a  and t ime-his tory  a n a l y s i s  p l o t s  kzve been v e r i f i e d  for accuracy 

and conpleteness of cocter , t ,  t h e s e  da'ia a r e  further processed and refified 

f o r  i n c l u s i o n  I n  t h e  i n i t i a l  pos t lamck:  r e p o r t .  

r e p o r t  has  been p r i n t e d  i n  less than 24 hours by t a k i n g  &vantage o f  

t h r e e - s h i f t ,  overnight  s e r v i c e  provided by a s p e c i s l  c o n t r a c t o r  at t h e  

eva lua t ion  s i te .  

A t j q i c e l  schedcle  

A f t e r  t he  t a b u l a t e d  

Yii? e n t i r e  t h r e e - v o l m e  

I n  a6dii;ion t o  t h e  d x u x e n t e d  f l lz ' r t  i k t a ,  t k e  post launch r e p o r t  

con ta ins  dsta r e s u l t i n g  f rom s p e c i a l  'tests which are  cozducted by us ing  

the f l i g h t  h a r d m r e  t o  sapport  t he  i n i t i a l  m a l y s i s  i i i  a s p e c i f i c  a r e a .  

With t h e  except ion  of t h e  k m c h  escsps towzr sssembly, t h e  re t ropackage ,  

and certain c c ~ p o n z n t s  ec;ocit i ted wi th  the landzng system, a l l  of ?fie 

s p a c e c r a f t  systems are recovered au?d r a p i d l y  r?turr,ed t o  t h e  e v a l u a t i o n  

S L L ~  i o  :ie z-;z:Lsble f o r  k.his t e s t i n g .  'Th? i n i t i a l  t e s t i n g  pe r iod  

d u r i c g  the p repa ra t ion  phase of t'ne p o s t l a x c h  regorz i s  plrnned and 

monitored on a p r i o r l t y  b i l E i S  by t k e  v a r i o u s  sys t exs  s p e c i a l i s t s  i n  

. ,  



il 

b r i e f  t ime a v a l l a b l e .  T X s  i n i t i a l  r epor t  conta ins  a l l  C: t h e  d e t z i 1  

t e c h n i c a l  Lnforication t h a t  per';eins t o  each Plight anC, f o r  t h i s  reason, 

i s  most u s e f u l  t o  engi-.eers and s c i e c t i s t s  of t h e  Xat iona l  Aeronaut ics  

and Space Adn in i s t r a t ion  and i t s  r m j o r  hardware c o n t r a c t o r s .  Af t e r  t h e  

r e l e a s e  of t h i s  r q o r t ,  follow-up t e s t s  ar,d e n d y s e s  a r e  conducted t o  

v a l i d a t e  t h e  i n i t i a l  conclusions and t o  complete t h e  i n v e s t i g a t i o n  of 

p o s s i b l e  unsolveci pro-slem arees . Concurrently, t h e  conten ts  of t h i s  

i n i t i a l  r epr t  ere c l o s e l y  reviewed f o r  t e c h n i c a l  accurticy, acd t e s t  

r e s u l t s  are noted as t h e y  becone a v a i l a b l e .  

The technique  of a s s ign ing  and a s senb l ing  in a c e n t r a l  l o c a t i o n  

a l a r g e  t e rn  of spec ia1 i s t . s  f o r  t h e  purpose of analyzir ,g and r e p o r t i n g  

.# d e t a i l e d  f l i g h t  r e s u l t s  hzs  proved t o  be very e f f e c t i v e  f o r  P ro jec t  

Mercury. A l a r g e  nunber c f  t h e s e  s p e c i a l i s t s  &re t empora r i ly  renoved 

from t h e i r  norna i  duty s t z t i o n ,  and t h e i r  on ly  a s s i g m e n i  dur ing  t h i s  

p e r i o d  i s  t h a t  of coirpletj rig anC documnting t h e i r  p a r t i c k l a r  a c d y s i s  . 
The eva lua t ion  team i s  r e : r e sec t a t ive  of a l l  pltases or' tiiz missLcn 

opera t ions ,  from p r e f l i g h t .  checkobt and p -epa ra i ion  tkzough recovery,  

and t h e  fl ight-perforrriecce analyses  inc lude  t h o s e  f o r  t h e  nany space- 

c r a f t  systems , t h e  a s t r o n s u t  i n  cc;r;mleti::g t h e  p re sc r ib& f l i g h t  $.ai:, 

and a l l  medical  a spec t s  of' the miss ion .  The ir i i t ial  pos t launch  repcrL 

a l s o  includes a d e t a i l e d  6 . e s c r i p t i m  OS -,he ciltbiiges t c  t h e  s p c e c r a k  

and t h e  launch  vehLcle f r c < m  t h e  _ s r e v i o ~ s  n i s s i o n  and personal  accoun-L 

of t h e  mission by tile pi1c. t .  
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A t  t h c  c m g l e t i o n  of t h e  in i t i cz l  p o s t f l i g l i t  r e p o r t ,  t h e  eva luz t ion  

tc&q i s  dlsbaridcd, bu t  ss lectzci  au thors  rre i n s t r u c t e d  t o  prepare  a 

xore iom.al re2or-L ( 2 .  g.> ref’s. 1 an< 3 )  ,’or [;,zmi-al puSl ic  d i s t r i b z t i o n .  

Although t h i s  r e p o r t  i s  widely d i s t r i b u t e d  t‘moughout the world, it i s  

o f t e n  r e l e a s e d  i n  conjunc?.ion with an o r a l  p re sen ta t ion  of Mercury 

f l i g h t  r e s u l t s  t o  selectec.  r ep resen th t ives  fror.1 t h e  s c i e n t i f i c  and 

t e c h n i c a l  coirimuriity . Only t h e  s i g n i f i c a n t  t ime-h i s to ry  data are 

inc luded  i n  ;his  pub l i c  w p o r t  . 
Ai’ter the conclusion of t h e  d e t a i l e d  t e s t 5 n g  and amlysis for each 

f l i g h t ,  t h e  informat ion  contained i n  t h e  i n i t i c J  p o s t f l i g h t  r e p o r t  i s  

usdated, amended, and c l o s e l y  reviewed for ‘cccliniczl accuracy and 

con t inu i ty .  

r e p o r t  i s  r e p l o t t e d  f o r  v t z ious  s g e c i f i c  pur2o:;es. 

perfoi-mance information,  brhich i s  q d a t e d  and ver i i ’ ied cis a result of 

cont inued p o s t f l i g h t  t e s t i . n g  and ana lys i s ,  i s  r a p i d l y  nzde a v a i l a b l e  t o  

EASA personnel  and i t s  ma;or con t r ac to r s  for use i r ,  c m c u r r e n t  a n a l y t i c a l  

s t u d i e s .  For exmple, t h e  elapsed tire between the  S i r a t  arid secocd 

manned o r b i t a l  flights was a’oo3-L 3 m n t h s  . 

des ign  c k n g e s  were incc rpora t ed  iri  tLe spacec ra f t ,  which w a s  used Tor 

t h e  k i t e r  c i s s i o n ,  as a r e s u l t  ~ i ’  cbcmented  s t u d i e s  cor,ductzd af ter  

t.he former f l i g h t .  

aRc . ebJii-:zg sf sequentia;. c i r c u i t s  f o r  ixproved r e l i z - o i i i t y  . T L c E L ~  

a v a i l a b i l i t y  of postmission d o c ~ ~ e n t h t i o z  i s  mnndatory t o  t h i s  fligiL:- 

t o - f l i g h t  procedure of system i;r,?-.overnent and cievelopme-rt . 

Milch of t h e  Ylight  data contained i n  the i n i t i a l  postf1i i ;ht  

A l l  d e t a i l e d  sy; ,an 

Dilring t h i s  per iod,  nimerous 

These modif ic&tions included c o n t r o l  system chargzs 

P 



The real--circe m o n i t o r i q  and con t ro l  opr : . t ion  d u r i n s  rimmed o r b i t a l  

missions which are coni iwCed as E phase of P r o i e c t  Xerczry i s  mad? 

p o s s i b l e  throcgh a t e l eme t ry  system, a voice  r k 2 i o  lid, rz2,rr tracking, 

ezd an  e l a b o r a t e  network of t e l eme t ry  r ecep t ion  equipnent,  which i s  

opera ted  by t r a i n e d  groun? cor,tral gersonnel  arid l o c a t e u  at  d i s c r e t e  

- 

p o i n t s  around t h e  world.  The t e l e n ? t r y  system t r ansx i i t s  bo th  c o m u t a t e d  

and uninterrx$ed i n s t r m e  nb2tioIl  da t a  t o  network s t a t i o n s  via  an 

FivI c a r r i e r  signal. The m i c e  trans::iitters provide Tor comfiunications 

r ega rd ing  f l i g h t  s t a t u  ar  d i n s t runen t  rezding-:; between the  a s t ronau t  

ar,d gromd personce l  durir-g the f l i g h t .  h r i n c ;  all f l i g h t  phases, 

i nc lud ing  r een t ry ,  radar tracking s t a t i o n s  aca_L.ire 2nd t r a c k  C- and 

S-band t ransponders  abozrd t h e  spacec ra f t  t o  provick data t h a t  ere 

cecesse ry  t o  coripute and update the o r C i t a l  t r f J e c t o r y  and t o  p r e d i c t  

t he  landing  p o i n t .  The Ccmpt ing  ard Czrr^;lunic&tiors C e r i t ~ r  rEceives 

and processes  ali real-tirr-c? f l i g h t  ir.lnrr:.si;ion f o r  use by t h e  p r i n a r y  

f l l g h t  c o n t r o l  t e rn  at the Nercurcy Controi  Zenlei- aiid by th:e flier:-+. 0-- - 

monitors  s t c t i o n e d  a t  t h e  va r ious  network s i t e s .  This  vast coriglex of 

equipmefit and p e r s o m e l  Ls set u~ t o  cccept  f l i g h t  p a r m e t e r s  i n  a 

- 



proper  f o r x  end .serrrit imnr.iedie$e a c t i o n  upon c r i t i c a l  n i s s i o n  anomalies, 

so  t h z t  t h e  sz.;'ety of t h e  a s t r o s s ~ t  

Se given  foremost ccrs iCei*et ior ,  ZEL the  g r e a t e s t  ckancz f o r  r e a l i z a t i c n .  

I n  a l l  nianned Xercury f l i g h t s  t o  da te ,  t h e  Mercury Worldwide 

t h e  success  of t h e  f l i g h t  nay 

Network f a c i l i t i e s  and t h e  v a s t  f l i g h t  c o n t r o l  team have p e r f o m e d  

excep t iona l ly  w e l l .  All I.ata handling arid corqiutations were c o ~ d u c t d  
' .  

fo r  t h e s e  f l i g h t s  i n  a t ime ly  feshion,  a l though a d e c i s i o n  t o  tern-itlate 

tne mission prematurely hz s never been necessary.  

1 2 3  ti C, L.n g 1; ' A  t i I q b  i Q: & 

a proript on-the-s?ot a n s l j s i s  a:,d an i rmedia te  dec i s ion ,  and i n  each 

However, t h e r e  have 

; s!; ;< - L S  2 wk;rt& l*eqj:ii-& 

case,  t h e  necessary c o r r e c t i v e  e c t i o n  w a s  taker1 t o  circ1mvent o r  

e l i m i n a t e  t h e  problex  s o  t ha t  mi.ssion success vas not  jeopard ized .  

As an exZ:i.;;!?le of the er'f'ect,iveness d isp layed  by t h e  co rqu ta t ion  

f a c i l i t i e s  Ln t h e  Mercury network, ?;?:e spacec re f t  dur ing  t h e  second 

nanned o r b i t a l  missior? l a r d e d  apsroxi :xtely 250 n z 2 t i c a l  r z i l e s  downrange 

from the  planned 1aad:ng j,oir:t. This lanL.i,-.,g tzxr res2lie2 frm a 

niisalinerc;ent i n  t h e  space:.r;zft's ;.m hczCiieig a t  retrcgrade . Within 

minutes aTter t h e  t k u s t  bas appl ied  a t  retrrc;gi.ade t o  % r i n g  t h e  space- 

c r a f t  back t o  e a r t h ,  t h e  r a d a r  t r ack ing  d a t a  s?n t  f i-0~- the C a l i f o r c i a  

s t a t i o n  i n d i c a t e d  t h a t  t h e  p x d i c t e d  laxdiriz pcjint w a s  i n  e r r o r  by some 

240 n a u t i c a l  n i l e s  . Althcugn f l i g h t  c m z r o i  p~ r & u m e l  wzre r e luc t e r , t  



I+ojcc-t )$ercury w h ~ ~ ~ ~  1:;Ly be b y T ) i <  e& $ 3  .L';ie;? ; L ~ T J ~ , -  ,,.ced 1 i ; pm p r o g r u ~ s .  I, 2. 

Nevel-theless, t k e  r e q u i r m e n t s  f o r  telexetry systen operetior: end d a t a  

t r a n s n i s s i o n  w i l l  k c o n e  5.ricreasingly aore  dermnding as t h e  space 

f r o n t i e r  i s  f u r t h e r  e x t e n k d ,  end the  United States, as ?;he p r i m r y  

r e p r e s e n t a t i v e  of the f r e e  world's effort Ln space explorz t ion ,  will 

cont inue t o  ap2ly its resources towzrd advancing t h e  t e l e m t r y  technology. 

. 
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Figure 1. - Sgzcc:cidf; instrumenrat ion Systam 
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